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SUMMARY 

Variable charge -air flow, cooling -air pressure drop, and fuel- 
air ratio Investigations were conducted to determine the cooling 
characteristics of a full-scale air-cooled single cylinder on a 
CUE setup. The data are compared with similar data that were avail- 
able for the same model multicylinder engine tested in flight in a 
four-engine airplane. 

The cylinder-head cooling correlations were the same for both 
the single -cylinder and the flight engine. The cooling correlations 
for the barrels differed slightly In that the barrel of the single- 
cylinder engine runs cooler than the barrel of the flight engine for 
the same head temperatures and engine conditions. 


INTRODUCTION 

At the request of the Air Technical Service Command, Army Air 
Forces, an investigation is being conducted at the NACA Cleveland 
laboratory to evaluate triptane and other high antiknock additives 
as blending agents of aviation fuels. A part of this program Is to 
correlate the knock -limited and oooling -limited performances of a 
single cylinder on a CUE setup with those of a multicylinder engine 
In flight. 
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The relation of the knock limit to the cooling limit le Impor- 
tant In predicting the maximum safe engine performance. Whereas the 
knock limits of the single -cylinder and flight engines may match, 
the cooling limit of the single -cylinder engine could he very dif- 
ferent from that of the flight engine. The knock-limited performance 
of the single -cylinder and flight engines compared under a variety 
of engine operating conditions is reported In part II. 

The cooling characteristics of the flight engine are presented 
In reference 1. The tests presented In this report were conducted 
at the NACA Cleveland laboratory during April 1945 and permit the 
study of the single -cylinder cooling by the NACA cooling-correlation 
equations. 


INSTRUMENTATION 

An attempt was made In the single -cy] lnder tests to simulate 
just as closely as possible all the conditions of the flight tests 
reported In reference 1, with which the single -cylinder data obtained 
In these tests were to be correlated. A front-row cylinder for the 
same model engine was used In the setup shown in figure 1. The com- 
nresslon ratio In both cases was 6.7. A vaporization tank was Installed 
In the single -cylinder setup (fig. 2) to simulate the mixing and vapor- 
izing of the fuel in the flight engine. A standard engine intake pipe 
was Installed to represent the Induction system of the flight engine. 

The fuel was 28-R in both series of tests. 

The location of thermocouples and pressure tubes In the flight 
tests is set forth in detail in the appendix of reference 1, The 
locations were kept as nearly as possible the same in the single - 
cylinder setup. The cooling -air pressure distribution that would 
be encountered In flight was simulated by coollng-alr turbulence 
vanes in front of the single cylinder. Cylinder temperatures were 
measured by iron-constantan thermocouples located at the rear-spark- 
plug gasket, the front -spark-plug boss, the rear-spark-plug toss, 
the rear middle barrel, and the rear flange. The mixture tempera- 
ture In both cases was measured by an unshielded iron-constantan 
thermocouple installed In the center of the S0° elbow of the Intake 
pipe. In the flight tests the mixture and cylinder temperatures were 
determined ±rcm an average of the 14 cylinders. The cooling-air 
pressure drop aoross the single cylinder for both the cylinder heads 
and barrels was determined from the differential of the total pressure 
ahead of the cylinder and the static pressure at the rear of the 
cylinder. The cooling -air pressure was corrected to a standard air 
density of 0.002378 slug per cubic foot ahead of the cylinder. 
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The cold valve clearances for the single-cylinder engine were 
set at 0.090 inch .for the ^ intake valve and 0.060 inoh for the exhaust 
valve. These valve clearances were found In "a previous Investigation 
(reference 2) on the same single -cylinder setup to give a running 
valve timing close to that specified for the multioylinder engine 
(intake opens, 36° B.T.C.; intake closes, .60° A.B.C.j exhaust opens, 
76° B.B.C.; exhaust closes, 20° A.T.C.). The cold valve clearances 
for the flight engine were set at 0.020 inch as specified hy the 
engine manufacturer . 


TEST PROCEDURE 

Three types of cooling tost were run to obtain single -cylinder 
data to compare with the cooling data for the flight engine pre- 
sented in reference 1. The charge -air flow, the cooling -air pressure 
drop, and the fuel -air ratio were independently varied and at condi- 
tions very closely matching those of the flight-engine tests. The 
engine operating conditions that were used in the single -cylinder 
tests are presented in the following table: 

SINGLE -CYLINDER ENGINE OPERATING CONDITIONS 


(Engine speed, 2250 rpmj spark advance, 25° B.T.C.; 
cooling -air temperature ahead of cylinder, T a , 53° F.] 



Test variables 

Engine Conditions 

Charge- 

Cooling -air 

Fuel-air 


air flow 

pressure drop 

ratio 

Charge -air flow, Mg, 
lb/hr- cylinder 

Varied 

405 

413 

Cooling -air pressure 




drop. In. water: 




Head OAp^ 

11.6 

Varied 

11.8 

Barrel OdPjj 

10.7 

Varied 

11.0 

Fuel-air ratio 

0.080 

0.080 

Varied 

Dry inlet -air temperature, °F 

200 

200 

180 


RESULTS AND DISCUSSION 

Comparison of engine temperatures. - Figures 3, 4, and 5 are a 
presentation of cylinder temperatures and engine performance against 
charge-air flow, cooling-air pressure drop, and fuel-air ratio, 
respectively, for the single -cylinder and flight engines. The 
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cylinder -head temperatures for the single -cylinder and flight 
engines match very well, hut the cylinder-barrel temperatures for 
the single -cylinder engine are lower than for the flight engine. 
Single -cylinder engine performance is presented on an indicated 
basis and flight engine performance (from reference l) is presented 
on a brake basis. Tho cooling -air-pressure distribution for the 
two engines was not the same in that the pressures were higher for 
the barrels and lower for the heads of the single -cylinder engine 
than for the flight engine. 

In order to compare the cylinder temperatures for the single - 
cylinder and flight engines the difference in the oooling-air tem- 
perature ahead of the cylinder T a , for the single -cylinder and 
flight engines (18° F) was added to the cylinder temperatures of 
the flight engine. The cooling -air temperature ahead of the oy Under 
T a , for the single -cylinder engine was 58° F and for the flight 
engine was 40° F. 

In figures 3, 4, and 5 the manifold pressures of the single- 
cylinder and the flight engines differ in that the points of meas- 
urement were different. 

Figures 6 and 7 show that for the single -cylinder and flight 
engines the rear-spark-plug boss and the rear middle -barrel temper- 
atures have the same relation to the rear-spark -plug gasket and the 
rear flange temperatures, respectively. In figure 7 there is no 
straight-line relation between the temperatures for the variable 
cooling -air pressure drop runs but the temperatures for the single - 
cylinder and flight engines fall on the same curve . 

Comparison of engine cooling by the NACA correlation method. - 
The NACA cooling-correlation equations as uBed for the flight engine 
(reference l) are as follows: 



and 
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where 

*h 


average cylinder -head temperature, °F 

T-jj average cylinder-barrel temperature, °F 

T & cooling-air temperature ahead of cylinder, °F 

T„ , T mean effective gas temperature for head and barrel,' 
ob 6b resnectivelv. °F 


W„ 


charge -air flow (on flight -engine basis), 


O’ ratio of cooling-air density ahead of cylinder to 

standard air density of 0.002378 slug/cu ft 

Ap^, Ap^ cooling-air pressure drop for head and barrel, respec- 
tively, in. water 


n, m, k empirical constants 


For the cooling correlation presented in this report the rear- 
spflrk-plug boss and the roar middle-barrel temperatures were used 
as an indication of and Tj,, respectively. 

Following the procedure used in references 1 and 3, variations 
of Tg with changes in dry inlet -charge temperatures are accounted 

for by using a reference moan effective gas temnerature T„ for a 

B ° 

dry inlet-charge temperature of 0° F and the following equations 
(from reference 4): 


% 

= Tg 
So h 

+ 0.8 0^ 

T_ 

= T 

+ 0.42 T 

6b 

So^ 

m 


where 


*m 


dry inlet -charge temperature j °F 




reference mean effective gas temperature for head and 
barrel, respectively, °F (T m = 0° F) Tg^ is solely 

a function of fuel-air ratio in these tests. 
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In the correlation for the single -cylinder engine the same 
■values of T_ and T 0 (1086° and 536° F, respectively, at 

®°h Sob 

a fuel-air ratio of G.G80) were used as In references 1 and 3.' 

The values of the constants n, m, and k In the correlation 
equations were determined from the variable charge -air flow and 
cooling-air pressure drop tests at a fuel-air ratio of 0.080, The 

variation of T and T with fuel -air ratio was then deter- 
S 0h Bo b 

mined from the variable fuel-air ratio tests. 

The exponent n that governs the effeot of charge -air flow an 
~ T a ^b “ ^a 

the functions m £— arid s sr~ is evaluated from the slopes 

X " ^ X " 115 

of the plots shown in figure 8. 

The exponent m that governs the effect of oooling-air pressure 

Th * Ta Tb - T a 

drop on the functions jjr" — and Tg^ - T^ is s^aluated from the 

slopes of the plots shown in figure 9. 

Final ooollng-correlatlon lines for heads and barrels of the 
single -cylinder and flight engines were obtained by using the expo- 
nents determined from the plots shown in figures 8 and 9 and by 

T h - T a T b " T a W c n / m 

plotting . ^ T r"r~ againBt ^ Ap (fig. 10). The 

«h 11 s b ^ 

cooling equations obtained were as follows: 

For heads, single -cylinder and flight engines: 



For barrels, single-cylinder engine: 
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For barrels, flight engine: 



For the single -oy Under and flight engines the constants In 
the equation for the heads are the same, which Indicates the same 
relation of head temperature to change in power and cooling -air 
pressure drop with other conditions the same. The constants. In 
the equation for tlio barrels are, however, different for the two 
conditions because the barrel of the single -cylinder engine runs 
coolor than the barrel of the flight engine for the same power and 
cooling -air pressure drop. 

Figure 11 Is a plot of T„ against fuel-air ratio for the 

°o 

heads and barrels of the single -cylinder and the flight onglnes. 
The T,_ curves for the flight engine were obtained from data at 
a wide Variety of engine conditions. (See references 1 and 3.) 

The Tg curves for the single -cylinder and flight engines match 

fairly well. 


SUMMARY OF RESULTS 

The cylinder-head cooling corrola-clons were the same for both 
the single -cylinder and the flight engines. The cooling correla- 
tions for the barrels differed slightly in that the barrel of the 
single -cylinder engine runs cooler than the barrel of the flight 
engine for the same head temperatures and engine conditions. 


Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, Ootober 4, 1945. 
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O Flight 

□ Single cylinder 


zoo 300 itoo 500 6oo 200 300 4 oo 500 600 

Charge-air flow, lb/hr- eyllnder 

figure 3. - Variation of cylinder temperatures and angina performance with charge-air flow 
for the • ingle -cylinder and flight anginas. Single -oyllnder engine perf oreance is presented 
on an indicated basis and flight engine perfomance (reference 1) is presented on a brake 
basis. Engine speed, 2250 rpe; compression ratio, 6.7; spark advance, 25° B.I.C.; fuel, 

28-K; fuel-air ratio, 0.080; single -cylinder cooling-air pressure drop, odp^, 11.6 in. B^O; 

10.7 in. HgO; flight cooling-air pressure drop, cttp^, 11.8 in. BgO; odP b , 10.1 in. HgO. 



Cylinder temperatures, °F 

Rear- spark-plug gasket Rear- spark-plug boss Front- spark-plug boss Rear middle barrel Rear flange 
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Figure 5. - Variation of cylinder temperature ■ and engine performance vlth fuel-air ratio for 
the single-cylinder and flight engines. Single -cylinder engine performance is presented on 
an Indicated basis and flight engine performance (reference 1) Is presented on a brake basis 
Engine speed, 2250 rpa; ccsqpresslcn ratio, 6.7; spark advance, 25° B.X.C.; feel, 28-B; 
single cylinder: cooling -air pressure drop, odp^, 11.8 In. Bj>0j cop^, 11.0 In. HgO; aanl- 

fold. pressure, 39.6 In. Eg abs.; flight: cooling -air pressure drop, o&p^, 12.2 In. HgO; 

odPb, 10*4 In. HnO; esnlfold. pressure, 35.2 In. Hg abs. 
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Figure 6. - Comparison of rear -spark-plug gasket temperature with rear- 
spark-plug boss temperature for the single -cylinder and the multi- 
cylinder engine. Engine speed, 2250 rpm; compression ratio, 6.7; 
spark advance, 25° B.T.C.; fuel, 28-R; fuel-air ratio, 0.080. 



Figure 7. - Comparison of rear-flange temperature with rear middle- 
barrel temperature for the single -cylinder and flight engines. 
Engine speed, 2250 rpm; compression ratio, 6.7; spark advance, 
25°B.T.C.; fuel, 28-R; fuel-air ratio, 0.080. 
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Figure 8. - Variation of ^ — zJs. and ^ — L-I® with charge -air flow, for the 

«h - T b \ - T t 

a Ingle -cylinder and flight engines. Engine speed, 2250 rpm; compression ratio, 
6.7; spark advance, 25° B.T.C.; fuel, 28-B; fuel-air ratio, 0.080; cooling-air 
pressure drop: odp h , 11.6 in. B^O; odp^, 10.7 In. HgO. 
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the single -cylinder and flight engines. Engine speed, 2250 rpm; compression 
ratio, 6.7; spark advance, 25° B.T.C.; fuel, 28-B; fuel-air ratio, 0.080; 
charge -air flew, 405 lb/hr-cylinder . 
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